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Merkel cells are difficult to identify in tissue sections. 
Previous studies have used cytokeratins (CK) 8, 18, 
and 19 as histologic markers of Merkel cells. How-
ever, these CKs are also expressed. in some outer root 
sheath keratinocytes and some early fetal epidermal 
cells and thus are not truly specific of Merkel cells in 
general. Using selective antibodies against a newly 
described. CK, number 20-onginally found in intes-
tinal epithelium, and Merkel cell carcinomas-in 
comparison to a key protein ofn,euroendocrine cells, 
chromogranin A, we established CK 20 as a specific 
Merkel cell marker in skin of humans , pigs, and mice. 
CK 20 seelDS to be an even more general and sensitive 
Merkel cell marker as compared to CgA. In double-
labeling experiments with stratified-squamous epi-
M erkel cells, which represent the neuroendocrine cells of the epidermis and the hair fo llicles, are nbt visibl e by common light mi croscopy and require panicular techniques for thei: identifica-tion. The simple- epithelial cytokeratins (CKs) 8, 
18, and 19 have become well-established immunohistochemica l 
markers of human Merkel cells both in adults and in later fetal 
stages [1 -4]. However, durin g em bryonic and ea rly feta l develop-
ment, these CKs are, in con tras t to adult epidermis, a.lso expressed 
in basal epidermal keratinocytes and peride rm cell s [5-8]. That is, 
these CKs are va lu able M e rkel cell marke rs only in adult and later 
fetal stages, but not in those early time periods when M e rke l cell s 
probably develop, i.e., in humans before fetal w eek 10. In adult 
skin, Merkel cell s arc frequ ent in the outer rooth sh eath (ORS) of 
human hair foUicles [9,10] and he re again simple-epithe lial CKs 
may occur in certa in (non-Merkel) cells of the ORS [8, 11,12] , 
which may hamper the correct identification of Merkel cells 
residing at this side. 
During studies of the cytoskeleta l proteins of M erkel cell tumors 
(cutaneous neuroendocrine carcinomas), probably de rived from 
Merkel cells, we were able to identify and characterize a further and 
interesting CK, number 20 [13 ,14]. T his shows a very peculiar tissue 
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thelial CK (numbers 5 and 13-17) and simple epithe-
lial CK (numbers 8, 18, and 20) antibodies evaluated 
by confocal laser scanning microscopy, no cell ex-
pressing CKs of both types (i.e., no cell of so-called 
"transitional" character between Merkel cells and 
keratinocytes) was identified in human skin: Jri. addi-
tion, various neuronal markers present i~ Merkel cell 
carcinomas including neurofilaments, peripherin, 
nerve growth factor receptor, and neuronal cell ad-
hesion molecule appear to be absent in normal Mer-
kel cells. Tlius, Merkel cells exhibit a distinct and 
unique marker profile, with CK 20 being of particu-
laHy high value in various species . ] I"vest Dermatol 
104:910-915, 1995 
distribution ; among nomlal tissues it is present within epi-
thelial cells of the stomach, intestine, and bladder, but not in other 
intemal organs [14,15]. Meanwhile, we obtained data suggesting that 
CK 20 might be useful as a marker of normal Merkel cells during fetal 
development and in adult stages, but have not yet Sh0W11 direct 
evidence that the CK 20-positive cell population in the skin is tru ly 
and completely identical widl the Merke l cell population . 
Concerni.ng ontogenesis, various morphologic, distributional, 
and experimental data strongly argue for the intra epide rmal deri-
vation of M erkel cells in humans [6,16-20] . This epidermal 
de rivation theory furth er raises questions concerning the existence 
of cells of "transitional" character, i.e ., cells that would express 
both CKs typical of Merkel cell s (e .g., CK 20) and CKs typica l of 
basal keratinocytes (e.g., CKs 5, 14, 17). Moreover, the question of 
the expression of furth e r intermediate filament types such as 
neurofil am ents [13] , peripherin [21], and also the neuronal cell 
adhesion molecule (N-CAM) [22]-all present in M erkel cell 
carcino mas-remains to be clarified in normal Merke l cells. 
The aim of the present study was to demonstrate CK 20 as a 
specific Merkel cell marker and to ide ntify the other cytoskeleta l 
proteins present in normal Merkel ce ll s more clea rl y. 
MATERIALS AND METHODS 
Tissues Seven specimens of adult scalp (four cases) and body skin (upper 
arm, one case; trunk, two cases) were obtained during surgical removal of 
various skin tumors. The samples investigated were taken at a di stancc of at 
least 3 em from the cdge of the tumors, immcdiately frozen in isopcntane 
pre-cooled in Ijquid nitrogen , and stored at - 80°C. Severa l samples (sca lp 
and trunk skin) were fixed in formalin or 4'X, parafonnaldchyde and 
embcdded in paraffin. 
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Table I. List of Antibodies Used" 
Antibody Specificity 
MoA b AE14 C K 5 
GP C K 5 CK 5 
R.b CK 14 CK 14 
MoAb CK Bl CK 14 
MoAb Ks8.12 CK 13, 15, 16 
MoAb E3 CK 17 
MoAb CA M 5.2 CK 8 
GP1 0,GP1 ', CK 8, 18 
MoA b M 20 CK8 
MoAb K, 18.1 74 CK 18 
MoAb Ks19.2.105 CK 19, I-lax 
MoAb CK 20 
IT -Ks20.1-6,8 , 10 
GP-IT CK 20 
MoAb NR4 NF-L 
MoAb NN 18 N F-M 
MoAb N52 NF-H 
MoAb OBll Neurona l ce ll 
MoAb T 199 
MoAb CD56 
MoAb 8211 
Rabbi t Ab 
MoAb DAK-A3 
adhesion molecule 
Neuronal ce ll 
adhesion molecule 
Neuronal cell 
adhesion molecule 
Nerve growth 
facto r receptor 
Pcriphcrin 
CgA 
" G P. guinea pig; NF. II c urofi l:lltlc n t prute in . 
Source 
Kindly provided by 
Dr. T.-T. Sun, New York 
Own 
Own 
Sigma , Deisenhofen, 
Germany 
Sigma, Deiscnhofen 
Progen Biotcchnics, 
Heidelberg, Germany 
Becton-Dickinson , 
Heidelberg 
Progen Biotechnics. 
Heidelberg 
Euro-Diagnostics, 
Apeldoorn , T he Nether-
lands 
Progen Biotecltnics, 
Heidelberg 
Progen Biotechnics, 
Heidelberg 
Progen Biotechnics, 
H eidelberg 
Own 
Boehringer Mannheim , 
Germany 
Bocln;nger Mannheim 
Sigma, Deisenhofen 
Boehringer Mannheim 
Sigma. Deisenhofen 
Dianov". Hamburg, 
Gc rnlO1n y 
Boehringer Mannheim 
Kindl y provided by 
Dr. M.-M. Portier. 
Paris. Fran ce 
Dako, Hamburg 
Ten human embryos and fetuses were obtained during ia trogenic abor-
tion performed for medical and non-medical reasons (cf. [6,\8]). T he 
gestatio nal age \vas cstilllated by nlCl1 strual age . siz e of uterus, CrO\VIl-rUI1'p 
length , and heel-toe length standards according to Streeter [23] and Mcrcer 
cI n/ l24 J. It ranged from week 8 (three cases) to week 9 (one case), week 
12 (two cases), week 15 (two cases). and week 22 (two cases). Skin samples 
fi'om various locations were excised shortly after abortion. fi'ozen in 
isopentane pre-cooled in liquid nitrogen. and stored at - SO°C. Specimens 
of one fetus (week 22) were formalin-fixed and embedded in parafi'ln . 
S;lIllples of pig and mouse snout skin were avai lable fi'om a loca l 
slaughterhouse or the German Cancer Research Center, respectively. T hese 
ti ssues were also fj'ozen immediately in isopentane, and sOllle samples were 
fixed in 4')1" para fo rmaldehyde and embedded in paraffin. 
Immunocytochemistry From the fj'ozen ti ssue block, 5-JLm-thick cry-
ostat sections werc air-dlied , fixed in acetone at -20°C fo r 15 min , and 
air-dried again. For confocal laser scanning microscopy. 1 O-JL-thick sections 
were used. 
Indil'ect single ;lIld double immunofluorescence microscopy werc per-
form ed as described previously [25]. T he primary 'Ultibodies used arc listed 
in Table I . Secondary an tibodies used were goat an tibodies coupled with 
eithcr Texas (Tx) red or fluorescein iso thiocyanate (FITC), which were 
directed against mouse, guinea pig, or rat immunoglobulins (Dianova, 
Hamburg. Germany). 
Indircct immunoperoxidase sta ining was performed using a standard 
protocol [26]. Peroxidase-coupled goat antibodies against mouse, rabbi t, or 
guinea pig immunoglobul ins (Dako , Hamburg, Germany) werc used as 
secondary antibod ies , along with 3,3' -dialllinobcnzidine (DAB) and H 20 2 
for the sta ining reaction. 
Ncgativc contro ls were performed by rcplacing the primary antibody 
with it phosphate-buWered saline or a nun-relevan t an tibody. In the double 
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inl111U l1 o Ru o resccncc c:x-perinl en ts. care "vas taken in the perfonnance of 
cxtensive controls (e.g. , usc of only one pl;mary antibody fo Ll owed by both 
secondary antibodies). Al l controls yielded ti,e expected negative results. 
Immunosta ining using formalin-fixed and paraffiJl-embedded samples 
was performed using ti,e avidin-biotin complex peroxidase method (ABC 
Kit; Vector, Burlingame. California; for details, see [11]) . For fixed tissue 
sa mples, the fo llowing primary antibodies were used: DAK-A3 and IT -Ks 
20.S in human tissues and IT-Ks 20. 10 in human, pig, and mouse tissues (sec 
Table I). In some cases, an antigen rctrievalmethod consisting of pretreat-
ment of sections using microwave hcating, foLlowed, fo r the CK 20 
antibodies , by mi ld trypsinization (0.001 %). was appl ied [1 5]. 
A Leica Dialux microscope (Leica, Bensheim, Germany), a Lcica Diaplan 
ilnnlunoA uo resccn ce t11i croscopc, and a confocal laser scmuling ll1icroscopc 
(Ca rl Zeiss, Oberkochcn. Germany) were used for evaluation 'llld docu-
111 c n tatloll. 
RESULTS 
With the aim to easily and specifically identi fy Merkel cells and, in 
particular, to d efin e a specific CK m arker for these celis , human 
fetal and adul t skin samples an d also sn out skin of pigs and mice 
were studied immunohistoch e mically using antib o dies against var-
ious CKs as well as chromogranin A (CgA) and other n e uronal 
marke rs. 
In Hair Follicles , CK 20 Is Present in Merkel Cells Only 
While CKs 8, 18, and 19 Are More Widely Distributed 
Within adult human h air follicles CK 19 w as distributed compara-
bly broadly . In many fo llicles, it was localized in stretch es of b asaI 
cell s and h e te rogen eously in Supra basal cells within the O R S from 
the suprabulbo us level up to the sebaceou s gland level (data n ot 
shown) . In oth er follicles , h owever , only a lower number in t he 
m idd le portion of the described segm ent was stain ed. At the upper 
th ird of the d escribed h air follicl e segm ent and also ab ove, at the 
uppe r bul ge and isthmus, some additional sca tte red cells in th e b asaI 
layer were decorated , some of them possibly representing Merkel 
cells . CK 18 distribution was less extended. Positive cell s were 
located w ithin the supra basal (prefe rentially inn emlOst) layers of 
th e middle third of the ORS (not sh own), whereas on ly some 
scattered basal cells were decorated. T h e positive b asa l cells were 
located pre fe ren tia lly closer to sebaceous g land level. T h e distt-ibu-
tion of CK 8 -positive cells was quite similar to that of CK 18 (not 
sh own). 
In contrast, CK 20 antibodies on ly marked sin g le disseminated, 
pa rtl y dendritic cells in th e basal layer of the ORS, located 
exclu sively within the upper bulge and isthmus area (Fig 1 and 2a). 
By morphology and distributio n , th ese cells were hig hly suggestive 
of b e ing M erkel cells. T h e lower p arts o f hail' follicles below the 
bulge regio n were fi 'ee of CK 20-imlTIunoreactive cells (not 
sh own) . In consecu tive step sectio n s, antibodies to CgA decorated 
th e same individu a l cells (Fig 21/) , providing eviden ce th at the cells 
sta inin g for CK 20 indeed represente d M erkel cells. Notably, 
alt h o u gh CK 20 antibodies apparently decorated the whole cyto-
plasm of th e M e rkel cell s (Fig 2a), CgA stainin g was restric ted to 
irregular and often dot-like cytoplasmic areas (Fig 2b). N o CK 20 
stairung was seen in any oth er cutaneous stt'ucture including sebaceous 
and eccrine (Fig 1) as w e ll as apocrin e g lands (not shown). 
T h ese da ta strongly suggest that CK 20 is a selective and specifi c 
marker for M erkel cells of adult hair follicles, whereas CKs 8, 18, 
and 19 mark not o nly M e rke l cells but al so particuIar sub sets of 
keratinocytes of th e ORS. 
CK 20 Is a Specific Merkel Cell Marker Also in Fetal Skin 
For une quivoca l ide n tification of the cell s sta ining for CK 20 as 
M e rke l ce ll s a lso ill human fetal skin , we performed co-
loca li za tion studies of CgA and CK 20 in fetal p lan ta r skin, 
kn own to b e ri c h in M e rke l ce lls [2 ] . Sectio n s of feta l plantar 
skin (we ek 22) sta in e d fo r CgA showe d positive scattered cells 
(i .e., M e rke l ce ll s) within g landular rid ges and , less frequen tly, 
in the u pper d e rmis (Fig 3a). After p h otographing, th e same 
section s Were re h ydrate d, sta in ed fo r CK 20, and photograph ed 
aga in (Fig 31/). A ll M e rke l cell s identified by CgA stainin g 
e xpressed CK 20 as ev ide nt b y e nhancem ent of iml11unostainin g, 
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Figure 1. CK 20-positive Merkel cells are located in ORS. Immu-
nope roxidase staining of human adul t sca lp hair fo lli cle using an ti body 
IT -Ks 20.6 aga inst CK 20 decorating the Merkel cell s (a rrows) within the 
baSilllayer of the Orts at the isthlllus and upper b ulge leve l. SG, sebaceous 
gland; EG, eccrine sweat gland . Ba,., 50 J.L1ll. 
also be in g m ore extend ed o ve r the cytoplasm . Processes typica l 
of Me rkel cell s were o utlin ed by both the CgA and the C K 20 
antibody. In additi o n , some furth e r e pide rmal cell s w ith identica l 
morphologic features in c lu ding size, shape, and topographical 
distribution were sta inin g for CK 20 but had not been recog-
nized by the CgA antibody (Fig 3). Notab ly, all ep idermal 
keratinocytes as well as ce ll s of eccrin e g lands con siste ntly 
lacked CK 20 immunostaining. T hese dat;) suggest that M erkel 
ce ll s are variable with respect to CgA immunostaining. 
In contrast to these mid-feta l stages, in ea rly feta l and 
e mbryon ic stages the simpl e-ep ithe li al CKs 8, 18, and 19 are 
ab und antl y present in both basa l keratinocytes and peride rm 
cell s. T he broad distribution of CKs 8, 18, and 19 in the two- to 
three-layered ep idermi s at fetal w eek 8 is dem o nstrated in Fig 
4a- c. In co ntrast, CK 20 labels neither ba sa l cell s no r periderm 
ce ll s (Fig 4d) bu t is restricted to a few iso lated ce ll s that on the 
basis of th e data o utlin ed above can be confidently rega rde d as 
Merkel ce ll s. No ce ll s sta inin g fo r CK 20 were fo un d in the 
dermis in these ea rl y stages. 
Fetal and Adult Merkel Cells Express Simple-Epithelial But 
Not Stratified-Epithelial CKs We further searched for ·the 
existence of cell s showing features of both Merkel ce lls (e.g., 
filam en ts containing CK 20) and keratinocytes (e.g., tonofilaments 
consisting of CKs 5 and 14), i.e., ce lls of "tran sitional" character. 
CKs 5 and 14 arc the typical CKs of basa l keratinocytes not onl y in 
the adult but also in embryonic stages [5, 6] . To identify any 
"transitional" cells during ontogenes is, we perfo rm ed extensive 
double-immunofl uorescence microscopy usin g CK 5 or CK 14 
antibodies simultaneously together with antibodies against CK 20 
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F igure 2. Presence of CgA and CK 20 in Merke l cells of human 
adult scalp skin. ABC-peroxidasc staining (paralJ-in sections, enhancelllent by 
microwave oven heatin g, and , for anti-CK 20 antibody. by mild trypsinization) 
of consecutive stcp sections with antibody IT-Ks 20.8 (a) and anti body against 
CgA (/1) . All CgA-positi ve cells (mwfIls in b) arc also CK 20 positive ({/)HJII''' in 
a) . A nall,head .. denote inner root sheath (to left margin). Bar, 50 J.Lm . 
or w ith an tibo dies aga inst CKs 8 o r 18 (in late r stages w here these 
CKs have disappeared fi'om keratinocytes; [2,5]). T he evaluation of 
the slides by confoca l lase r scanning microscopy allowed the 
uneq ui voca l recognition of individual epidermal cells that by 
con ventional microscopy often is diffi cult du e to partial overlap-
F igure 3. Presence ofCgA and CK 20 in human fetal Merkel cells . 
Consecutive ABC-peroxidase staining (paran,n scetion , enhancement by 
microwave oven heating) of a glandu lar rid ge ill fcta l foot sole (week 22) 
first w ith the antibody to CgA (a) and subseq uentl y (after re hydration and 
mild trypsinizatio n) with antibody IT-Ks 20.8 against C K 20 (b). All 
CgA-pos itive cell s are also CK-20 positivc (a,.,."",h cads) including one 
dermal cell (IIpI'C,. (/)Ta",/II:ads). In addition. some CK 20-positivc cells (IJ) 
lack recognizab le CgA immunoreactivity (a). D, derma l ecuine duct; E, 
epide rmis. Bar, 50 /1.m . 
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Figure 4. Expression of simple-epithelial CKs in early fetal foot 
s ole keratinocytes. Immunperm;jdase staining (cryos tat sections) of fetal 
foot so le slcin (week 8) w ith antibodies agai nst C K 18 (a), C K 8 (M 20; I,), 
eK 19 (c) , and CK 20 (IT-Ks 20.6; d). Note tha t the basal ce ll s (a, c) and 
periderm cells (a- c) arc positive for the conventional simple-epithelial C Ks 
whereas C K 20 is detected exclusively in a single dend.i tic suprabasal cell 
r epresenting a Merkel cell (d, arro,"/wad). Bar, 50 /Lm. 
ping. In all fe tal stages investigated , i.e., be tween w eek 12 and 18, 
we could not detect an y cell showin g both types of CKs (Fig 5). 
Also , in adult hair follicl es no sta ining for CKs 5 and 14 was 
d e tec ted in CK 18 - or 20 -positive M erkel cells in double immu-
nofluorescen ce microscopy (not shown) . [n similar double label-
ings, using instead of CK 5/ 14 antibodies the antibody Ks 8.12 
again st CKs 13 , 15, and 16, which stains pre ferentiall y supraba sal 
k e ratinocytes of fetal epidermis or the antibody E3 agains t CK 17 
expressed in fetal basal ce Ll s, no M erkel cell was found to be stained 
b y Ks 8. 12 o r E3 (not shown). Also, in adult trunk epidermis, 
where the antibody against C K 17 sta ins keratinocytes of H aar-
scheiben [27], the assoc iated M erkel cell s located very regularly at 
the botto m of the epidermal ridges of these structures clearly 
remained unsta ined (Fig 6b), as expected ; and confirming their 
b e in g M erkel ce ll s, these cells w ere positive for CK 20 in a 
consecu tive section (Fig 6a). 
Certain Neuronal Markers Are Absent from Merkel Cells 
As M erke l ce ll carcinom as have unequivoca lly been sho wn to 
express various n e uronal mark ers , we further analyzed fetal and 
adult M erke l ce lls for the presence of n e u ro nal types of inter-
mediate filaments and adhesio n m o lecul es (see Table I). In 
seri a l sections through fe ta l tissues containin g hig h densities of 
e pidermal Merke l cell s as de tec te d by C K 20 an tibod ies, no 
sta inin g of any e pidermal ce ll was observed with antib o dies 
against va ri o us n e urofi lame n t proteins (Table I) , with antibod-
ies against peripherin, with va ri o us antibodies aga ins t N-C AM 
(Table I) , and with antibodi e s aga ins t th e NGF receptor (for 
v ariant data, see [28]). O nl y d e rmal n e rve fib ers w e re sta in ed by 
t h ese antibodies (data not shown) . Double confoca l laser sca n-
ning mi crosco py, in addition, m ade it possible to de m o ns trate 
th e close conn ectio n of CK 8- and 18 -pos itiv e M erke l ce ll s to 
nerve fibers sta in ed by antibo di es again st n e urofi laments (Fig 7) 
a nd p eriph e rin (not shown) . T hese experiments confirm ed th e 
a bsen ce of n e urofi lam ents in Moe rke l cells as n o g reen-red 
overl ap was detec ted (Fig 7) . 
CK 20 as a Marker for Merkel Cells in Pigs and Mice T he 
further question ari ses w hether C K 20 is also e:-..-pressed in Merkel cells 
in other species besides humans. W e tested vibrissae hair fo\Jjc\ es, 
known to be vel)' rich in Merkel cells, of porcine [29] and murine 
snout [30]. Lndeed, in both animals the typical rows of Merkel ceUs in 
the basal layer of the ORS of these fo\Jjc\es were decorated whereas no 
other ceLl type in the skin was st,lined (Fig 8). T hus, CK 20 can be used 
as a selective interspecies M erkel cell marker. 
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Figure 5. Fetal Merkel cells lack CK 5 . Inllllllllo All oreseence do ub le 
labc ling of fcta l fo ot sole skin (week 15; cryos tat section). A guinea pig 
antise rum specifi c for C K 5 (a. r) and mono clonal autibodies against CK It> 
(b; Ks 18.'174) and C K 8 (d; antibo dy C AM 5.2) arc used . Merkel ce ll s (/I, 
d) are negative fo r C K 5 (nrm,"11I'tlds in a and f) . Bar. 25 /LIII . 
D ISC USSION 
T he express io n of vario us interm ediate filam ent pro teins, in par-
ticular C Ks, as well as some neurona l ce ll markers was investigated 
in fe ta l and adult M erkel ce lls using vari o us immunocytochemical 
m eth ods. O n e maj or result is the demonstnnio n of tile specific 
e:-"-P"ess ion of CK 20 in Merkel ce lls. T hi s C K, whi eh o nl y "eeell t l)' 
h as been identified as a true m ember o f the C K famil y and as a 
type r CK [1 4, 15], is a main cytoskeleta l com ponent of the 
intestinal and gastric foveo l,Jr epith elium as w e ll as of umbrell a cel" 
of the urothelium 1'3 1] . In the skin , an tibodies aga in st C K 20 stain 
individ ual ce lls that by m orp ho lo!,'Y and distributio n resem ble 
Merkel cells [14 ,31 ). We h ave also sho wn prev iousl y that the CK 
F ig urc 6. Merkel cells lack CK 17. Inllnunoperoxidasc label in g "I" 
co nseclI tive cryostat sec tions of IHlIll :l 1l Piukus H a:1 l'schci he. stail1 ed ,, ~ 
an tibodies to C K 20 (a) and C K 17 (b). The C K 2tl -positivc Merke l ce ll s (,' ; 
ano'I'II rads) arc negalive for C K 17 (/1; arrtlJ ,'/,,'ads). Bar. 511 /L"l. 
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Figure 7. Co-localization of Merkel cells and n erve fibers. Double-
label immunofluorcscence staining viewcd in confoca l lascr scanning mi-
croscopy using CK 20 antibody (FITC, grccn) showing scvcral Merkel cell s, 
including a dermal onc (in the middle), in combination with neurofi lamcnt 
antibodies (Tcxas rcd) dccorating ncrvc fibers. Notc that ncurofilamcnt-
positive ncrvc fibcrs (Texas rcd) closcly approach the Merkel cells whercas 
thcse arc frcc of ncurofi lamcnt staining. Bnr. 25 JLm. 
20-positive cells co-express the Merkel cell-typical CK 18 [6]. 
Altho ugh these indirect data already suggested that Merkel cells 
express CK 20, we were able to demonstrate this here for the first 
time d irectly. Specifically, we imm un ocytochem ically localized CK 
20 in ce ll s identified as M erkel ce ll s by the presence of CgA, the 
main matrix protein of neurosecretory granules [15]. Moreover, we 
did not detect CK 20 in any other cell type of feta l and adu lt skin, 
including periderm cells as well as hair fo llicles and sweat gland 
cells. Therefore, we conclude that within normal skin CK 20 
appears to be a specific and sensitive marker of M erkel cells. In feta l 
skin, CK 20 seems to be even more sensitive than CgA. T he 
variable CgA imm un ostaining of feta l M erkel cells (as identified by 
staining for CK 20), with some being even negative, is probably 
due to different functional states and neurosecretory gran ule con-
tents. T he possibility that the CK 20-positive but CgA-negative 
Figure 8. Demonstration of CK 20 in porcine Merkel cells. AllC-
peroxidase staining (paraffin scction, cnhancement by microwavc heating 
and mild trypsin) of porcine snout hair fo ll iclcs with CK 20 antibody IT-Ks 
20.10 decorating rows of Merkel cells in vibrissae fo llicles. Bnr, 50 JLm. 
THE JOUIU.AL OF INVESTIGATIVE DEI~ATOLOGY 
ceUs in fetal epidermis represent keratinocytes rather than Merkel 
cells is very unlikely because according to their size, shape (den-
dritic) , and topography (glandular ridges) these cells were indistin-
gu ishable from the cells positive for both antigens . Moreover, CK 
20 - expressing keratinocytes would be expected to be sta ined by 
CK 5 and CK 14 antibodies bu t such cells were not fou nd (Fig 4). 
In adul t hair fo llicles, most CK 20 - expressing (Merkel) cells were 
stain ed for CgA, pro bably refl ecting a hi gher level of d ifferen tia-
tion. 
T h e higher specificity of CK 20 as Merkel cell marker, as 
opposed to CKs 8, 18, and 19, is of particular value in situations 
w here the epitheli al en virolIDl en t conta ins cells expressing those 
last CKs, such as in hai r fo llicles and in embryon ic epidermis . In hair 
fo llicles there are keratinocytes of the outer root sheath expressing 
CKs 8, 18, or 19. CK 19-positive cells have been described [7,8] 
within the basal layer of ORS at the level of the bulge and deeper 
[7,8,11,12], and these cells have been suggested to incl ude the stem 
cells of hair fo llicles [8] . Moreover, CK 18 has been detected in 
suprabasal cell layers and CK 8 in inne r ce LI s ofORS [11,12]. T hese 
findings were confirmed by the p resen t data using di ffe ren t an ti-
bodi es . T hus, CK 8,18, and 19 are not truly specific markers for 
Merkel cells within human hair fo llicles, w hereas CK 20 apparently 
is restricted to Merkel cells. T hese are, in terminal hair fo llicles, 
localized in the basa l layer of the ORS at the upper bulge and 
isthmus level [9,32], w hereas in vellus hair fo ll icles they appcar to 
res ide in the bul ge [33]. CK 20 could also be established as a general 
Merkel cell m arker for p ig and m o use w here the well-known and 
typical Merkel cell distribution patterns in snout skin cou ld rcliably 
be reproduced [29,34]. 
For the identification of very earl y developing Merke l cells, CKs 
8, 18, and 19 are not useful markers because in con trast to adul t 
ke ratinocytes these CKs are also presen t in early feta l ke ratinocytes . 
M o reover, these CKs arc typical com poncn ts of periderm celJ s 
[5,6,8] . Here, the specific ity of CK 20 is extrem ely valu able as a 
marker fo r ea rly developing Merkel cells. We were able to identifY 
CK 20-positive Merkel cell s already at embryonic week 8 (sce also 
[6]). 
T his fi nd ing is releva nt for the question of the origin of Merkel 
cells. Most recen t studies argue for the in traepiderm al developm ent 
and against the o lder h ypothesis of imm igratio n from the neura l 
crest [3,17,18], but the proper cell of origin of Merkel cell s still 
rem ains unclear. However , a good cand idatc is the em bryon ic basal 
cell that expresses-as demonstrated earl ier [4] and in the prcsent 
study-both CKs of Merkel cells (except CK 20) an d CKs of 
keratinocytes. It is therefo re conceivable that these cell s wo ul d give 
rise not only to suprabasa l keratinocytcs bu t also to Merke l ce ll s [6] . 
T his idea is supported by the simil ar tim e of developmen t of 
suprabasa l keratinocytes (intermediate layer, between basa l layer 
and periderm) and Merkel cells. If basa l cells were the progenitor 
cell s of Merkel cells in the course of this developmen ta l process, 
o ne co uld im agin e that "transitio nal" cell s might occur that woul d 
contain both ne uroendocrin e granules and ke ratin ocyte-type tono-
fi lam en ts. In fact, such cells have been descl-ibed in various species 
[19,20,35] . We looked for the presence of "transitional" cells in 
hu m an feta l skin, on the assumption that such cell s m ight still 
contain stratifie d-ep ithelial CKs b ut wo uld have switched on CK 
20. At the feta l stages extensively stud ied (week 12 to ·' 8), no 
suc h ce lls co uld be recogni zed. Desp ite this res ul t "transit io nal" 
cell s mi gh t yet exist but o nl y fo r a very short tim e in terva l, 
res ul tin g in a very low frequency at a given feta l stagc. T hat in 
fact profo und changes in interm ediate fi lamen t com plement in 
em bryona l ce ll lin eages m ay be completed very q ui ckly is 
exem pli fied by the fast switch fro m CK to vimentin in te rmed iate 
fi lam en ts d ur ing the format io n of the e mbryonic m esoderm [36] . 
Alternative ly, "transitio nal" cells m ig h t occu r o nl y in stages 
prior to those in vest igated here (before feta l week 12 o nly 
limited tissue was ava il abl e in thi s study). A th ird possib le 
explanation mig h t be the asymmetric di v isio n of basa l ce ll s, w ith 
one daugh ter cell bein g already a M.e rke l cel l, e ithcr postmitotic 
or tra nsien t ampli fy in g [37] . It h as not ye t been clarified if 
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Merkel cell s in hum an s undergo division at all. Rare mitoses of 
Merkel cells have been shown in mice.:j: It is furth e r more 
noteworthy th at in our study epidermal Merkel cells, exhibiting 
typical morphology and expressin g CK 20, did not stain for any 
of the stratified- epithelial CKs tested including CKs 5, 13, 14, 
15,16, and 17. Narisawa eI (II [3] recently reported on positive 
r eactions of feta l epidermal Merkel cell s for certain stratifi ed-
ep ithe lial CKs. In addition, usin g consecutive sections we could 
not lo calize NGF-R to M erkel ce ll s in contrast to a previous 
paper [28] dealing with double labelings. At present, w e h ave no 
convincing explanations for these disc repan c ies . 
Merkel cell carcinomas e xpress the same CKs as normal 
Merkel cell s, including CK 20, but, in addition, also various 
neuronal intermediate fi laments including peripherin [21,38,39] 
as well as N-CAM ([22]; and Dr. A. Beiras , Santiago, Spain, 
personal communicatio n) . The present data drawn from different 
antibodies (see Table I) seem to indicate that th ese last marker 
proteins are absent in normal Merke l ce ll s, confirmin g and 
extending previous studies [2,27 ,40]. Thus, if Merkel cell 
carci nomas do rise from Merkel cell s- and the common CK 20 
expression may support tills-a neoexpression of these marke rs 
would take place . T hi s would be conceivable beca use other 
types of neuroendocrine tum ors su ch as pituitary adenomas, 
parathyroid adenomas, C cell carcinomas, islet cell tumors , and 
carcinoid s may also express neurofdame nts altho ugh their nor-
mal cellul ar counterparts do not (see also [20]). 
T ile alltll"rs ,IIfl11k Mrs. Ule T rei!J , Mrs. Pia H Olldek (lu,tll iV/a II IIIIdlll), alld Mrs. 
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enrifll/ly Ijlpillg Ill e 1I1n11l'SCripl. T ll allks are also dlle 10 Dr. T .-T. SIIII (Ne", )' 01'/1) 
nlld Dr. M. -M. Porlier (Paris) Ior g"lIero ll s gijis 11/ allli!Jodies. 
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